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THE FEVER INDEX IN EVALUATION OF THE COURSE OF INFECTIOUS DISEASES,
WITH SPECIAL REFERENCE TO PNEUMOCOCCAL PNEUMONIAt
The fever index is a numerical expression of the total quantity of fever
associated with some event. It takes both varying height and duration of
abnormal body temperature into consideration, and is best expressed in
degree-hours. For instance, one degree of fever maintained for 24 hours
constitutes a fever index of 24 degree-hours.
The fever index is commonly used as a measure of the magnitude of the
febrile response to pyrogenic substances in experimental models, but its
utility in evaluating and studying patients with infectious diseases and in
clinical investigations is largely unexplored. It is surprising that a simple
measurement which has become routine to physiologists because of its
usefulness in evaluating experimental results has been used so infrequently
by clinicians. The purpose of this paper is to present the results of a
retrospective study of the fever index in 128 patients admitted to the hos-
pital with pneumococcal pneumonia, since the findings suggest the fever
index may be useful in a variety of studies concerned with infectious
diseases of man. It would be an especially useful tool in studies designed
to compare therapeutic regimens in certain infections.
METHODS
The records of patients diagnosed as having pneumococcal pneumonia at The
Johns Hopkins Hospital in 1952, 1953, and 1954 were selected for review. These
years were chosen primarily because treatment regimens were relatively simple and
standardized in those years. Most patients were treated with 600,000 to 1,200,000
units of intramuscular penicillin per day. Patients were excluded from the study if
they had been treated with aspirin or adrenal steroids, if they had an unrelated in-
fection at another site, if the diagnosis of pneumococcal pneumonia seemed doubtful,
if they had a complication of pneumococcal pneumonia such as meningitis or em-
pyema, if their complete records were not available, if they had received antibiotics
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prior to admission, or if they died during the first four days of hospitalization. One
hundred twenty-eight patients remained and are the subject of this report. There were
86 men and 42 women. Pneumococci were isolated from the sputum of all these
patients; their physical findings and chest roentgenograms were also compatible with
pneumococcal pneumonia.
The fever index was calculated with the aid of a planimeter which measured the
area (in mm.') beneath the line connecting the rectal temperature observations ob-
tained at four-hour intervals, and above 100 F.0 as the baseline. By means of a
conversion factor, this area was expressed as degree-hours. The conversion factor
was determined by the graduations on the fever charts used in this hospital. Fever
occurring after the first week of hospitalization was judged by us as related to the
acute bacterial pneumonia in only a few instances, and was otherwise ignored in
calculation of the fever index. Patients were not considered afebrile unless they re-
mained so for 96 hours.
RESULTS
General: The mean fever-index in the 128 patients studied was 70.0
degree-hours (S.D. 4.6), and the range was 10 to 244 (Table 1). The
median fever index was 50.2 degree-hours. These were unexpectedly low
results, and they emphasize the rapidity with which most patients with
uncomplicated pneumococcal pneumonia become afebrile after treatment
has been instituted. All but five per cent of patients had a fever index
lower than 175. Only 57.6 hours were required for the average patient to
become and remain afebrile. When the eight rectal temperatures just prior
to discharge (presumably normal) of a sample of 30 men and 30 women in
this study were averaged, a value of 98.60F. was obtained for both sexes.
This was done after our other data were collected, but many represent a
TABLE 1. RELATION OF RACE, SEX, AND ALCOHOLISM TO THE
FEVER INDEX IN PNEUMONIA
Mean fever index Mean duration
Group and number in degree-hours of the febrile
of persons plus one S. D. Ml. state (days)
All patients (128) 70.0 + 4.6 2.4
Males (86) 68.4 + 7.4 2.3
Alcoholic (31) 85.4 + 11.2 2.8
Non-alcoholic (55) 59.0 + 5.0 2.0
Females (42) 74.0 + 8.2 2.5
Alcoholic (3) 201.3 4.3
Non-alcoholic (39) 64.0 + 9.1 2.4
Negro males (76) 64.5
White males (10) 70.3
Negro females (29) 77.0
White females (13) 67.0
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better baseline temperature than the one we used in measuring the fever
index. If so, the mean fever index in these 128 patients would increase
from 70.0 to approximately 160 degree-hours, which is a substantial dif-
ference. However, since 1000 F. is usually considered to represent the
upper limit of rectal temperature in healthy adults, it was retained for this
analysis. When the fever index is used to compare the relation of various
factors to the course of the illness, the choice between baseline tempera-
tures becomes less significant.
Alcoholism: Alcoholism was diagnosed in 34 (26.8%o) of the 128 patients
in this study. The diagnostic impression of the physicians caring for the
patient was accepted in determining whether or not the patients in this
study consumed excessive amounts of alcohol (alcoholism). As shown in
Table 1, both the fever index and the duration of the febrile state were
greater in alcoholics than in non-alcoholics. This was true for both men
and women, but the number of alcoholic women was small; the differences
between alcoholic and non-alcoholic men were not statistically significant.
Sex: As shown in Table 1, the fever index was similar in men and
women.*
Age: The relation between the age of the patient and the fever index
is shown in Table 2. No striking trends are evident, but the data lend no
convincing support to the notion that less fever is observed in the aged with
pneumonia. Interestingly, no alcoholics older than age 59 were seen. No
evidence for diminished febrile responses in the aged was obtained when
either peak temperatures or the duration of fever were compared in those
above and below age 60. Fever indices were greater in alcoholics in all
age groups.
TABLE 2. AGE AND THE FEVER INDEX
Number of Mean fever index (degree-hours)
Age (year) persons Alcoholics Non-alcoholics All-patients
10-19 6 85.0 21.8 32.4
20-29 22 214.0 62.4 69.3
30-39 29 80.4 62.8 68.8
40-49 33 91.8 48.6 67.0
50-59 23 112.6 74.5 89.4
60-69 10 - 46.1 46.1
70-79 5 - 57.6 57.6
* A preliminary analysis of our data had suggested that men with pneumonia
developed more fever than did women, but this was attributable to the inclusion in
that analysis of a number of patients, almost all of them men, with meningitis or
empyema and prolonged febrile courses. These complications were more frequent in
men, when all the patients with pneumococcal pneumonia we reviewed for inclusion
in this study are considered.
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Bacteremia: Blood cultures were not reported for four patients. Bacter-
emia was documented in only 16 (12.9%) of the remaining 124 patients,
including 4 (11.8%o) of the alcoholic patients. The mean fever index in
patients with bacteremia was 84.5 degree-hours, and 68.2 in those without
it. The difference is not statistically significant. Bacteremia was documented
in 13.8 per cent of patients with a fever index greater than 100, and in
12.7 per cent of those with a fever index less than 100, a difference which
is also not statistically significant. However, the data suggest bacteremia
is associated with more fever in pneumonia, and that this is not accounted
for by a relation between alcoholism and bacteremia. Conversely, it also
suggests the higher fever indices in alcoholics are not related solely to more
frequent bacteremia in that group.
Leukocyte response: W\hen the fever index was graphed in relation to
the initial peripheral leukocyte count recorded in the hospital record, no
relationship was apparent. However, three of the six fever indices greater
than 200 degree-hours were obtained from patients with extensive and
overwhelming pneumonia, alcoholism, and initial leukocyte counts of less
than 10,000/mm.3 The leukocyte count was greater than 40,000 in only
two patients; both had leukemia. In 16 per cent of the patients, the initial
leukocyte count was less than 10,000, and in 5 per cent between 30,000
and 40,000. Maximum leukocyte count was not studied, because it was
felt that this fact was not always provided in the record.
Therapeutic regimen: \Vhile the mean fever index of all patients was
70.0 degree-hours, the fever index of 65 patients treated with 1,200,000
units of penicillin or less per day (the most frequent regimen) was 61.0
degree-hours. The penicillin group included 23 alcoholics with a mean
fever index of 82.4, and 42 non-alcoholics with a mean fever index of
only 46.2. This difference related to alcoholism was statistically significant
(p<0.05). The mean fever index in patients with bacteremia and treated
with penicillin was 104.0; it was 80.0 in those without bacteremia. Twelve
patients were treated with a sulfonamide that was being evaluated as a
new drug. The mean fever index in patients with or without bacteremia
and treated with the sulfonamide was 83.0 degree-hours, and the maximum
was 156.0. While the 12 patients treated with sulfonamides recovered un-
eventfully, the data suggest sulfonamides are not as rapidly efficacious as
penicillin in patients with pneumococcal pneumonia. In fact, since none
of the patients treated with sulfonamides was alcoholic, the difference
between penicillin (non-alcoholics) and sulfonamides was statistically sig-
nificant (p<0.05). Presently, of course, we would not recommend that
pneumococcal pneumonia be treated with sulfonamides.
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TABLE 3. FEvER INDEX AND THE SITE OF PULMONARY INFECTION
Meanfeverindex
Lobe involved Number ofpersons (degree-hours)
Right upper 22 72.6
Right middle 14 50.0
Right lower 23 68.3
Left upper 11 70.8
Left lower 30 60.0
Two lobes 18 150.0
Site of infection: This relationship is shown in Table 3. No striking
differences in the fever index according to the lobe involved are apparent,
but patients with involvement of two lobes had fever indices approximately
twice those of patients with involvement of a single lobe. This difference
was satistically significant (p<0.05). Nine (50%) of the patients with in-
volvement of two lobes were alcoholic and the frequency of multi-lobar
involvement probably contributed to the higher fever indices associated
with alcoholism.
Pneumococcus type: The pneumococci isolated were typed in 54 instances.
The reasons for the failure of the bacteriology laboratory to report a specific
type in the remaining cases was not apparent in this retrospective review.
As shown in Table 4, no convincing associations between type and fever
index are apparent, but there was a tendency for infections associated with
type III pneumococci to have low fever indices, and a suggestion that
infections associated with types I-IX pneumococci had slightly higher fever
indices than were seen with other pneumococci.
Patients with high fever indices: There were 19 patients whose fever
indices were greater than 120 degree-hours; they represent about 15 per
cent of all patients. These patients were characterized by a high frequency
of bacteremia, involvement of two lobes, diabetes mellitus, and alcoholism.
One patient in this group had chronic myelogenous leukemia, and another
died from metastatic carcinoma of the lung two years later even though the
tumor was not apparent at the time of the pneumonia. Another patient in
this group developed a skin rash and was thought to be allergic to the
penicillin that was used in the treatment. Three patients with high fever
indices had none of the complicating factors already mentioned; all had
been treated with sulfonamides.
Effusions: Four patients were found to have sterile pleural effusions of
a serous character in association with their pneumonia. The mean fever
index in these patients was 66.0 degree-hours. This was not significantly
different from the mean fever index of patients without effusions.
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TABLE 4. PNEUMOCOCCUS TYPE AND THE FEVER INDEX
Meanfeverindex
Type ofpneumococcus Number (degree-hours)
I 6 100.0
II 1 116.0
III 7 39.0
IV 4 61.0
VII 9 86.0
VIII 4 94.0
I to IX 36 74.3
X or higher 18 63.2
Typed organisms 54 71.6
Organisms not typed 74 68.8
Duration of illness prior to hospitalization: An attempt was made to
relate the fever index to the number of days the patient was ill prior to
hospitalization. Useful information on this factor was not available in many
records. In others, it was difficult to decide whether the illness prior to
hospitalization represented pneumonia or whether it represented a viral
respiratory infection that may have predisposed to pneumococcal pneumonia.
Nonetheless, the results are presented in Table 5. As can be seen, there was
no evidence that a delay in seeking medical attention was associated with
a more severe illness, as judged by the fever index.
Complications: Seven patients who were excluded from the study are
worthy of brief mention. Three had meningitis as well as pneumonia, and
their fever indices were 212, 183, and 296 (mean 230.4). Two with em-
pyema had fever indices of 238 and 301, and another with presumed pneu-
mococcal pericarditis had a fever index of 120.2. The final patient, with a
fever index of 390.1, was subsequently found to have pulmonary tuber-
culosis in addition to acute pneumococcal pneumonia.
TABLE 5. FEVER INDEX AND THE DURATION OF ILLNESS PRIOR TO HOSPITALIZATION
Daysofillness
prior to hospitalization Numberofpatients Meanfeverittdex
1 13 72
2 13 82
3 15 77
4 14 74
5 7 52
6 4 70
7 6 58
8 or more 6 66
TOTAL 78 72
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DISCUSSION
There are two points worthy of emphasis in this study. First, we believe
we show the fever index can be used in analyzing clinical records, and as
our data suggest, the fever index ought to be a useful new way to evaluate
therapy, complications, and other factors in properly designed studies of
sufficient size. Additional ways of quantitating clinical responses are needed
in clinical investigations, and the fever index should be more widely adopted
in studies involving infectious, immunological, and a variety of other
diseases.
Second, our results have one practical clinical implication. If a patient
with pneumococcal pneumonia involving a single lobe accumulates a fever
index greater than 175 (as we have defined it), the physician caring for
him should strongly suspect a complicating factor such as alcoholism, in-
adequately treated meningitis, empyema, septic arthritis, drug fever, super-
infection, tuberculosis, or an associated disease such as lung cancer or
leukemia. It is not necessary to have a planimeter to calculate the fever
index. This can be done simply on the wards by adding up the degree-
hours, as recorded at regular intervals on the fever chart. Of course, it
must be kept in mind that aspirin, corticosteriods, and other measures to
reduce fever will negate the significance of this conclusion. Furthermore,
it must be emphasized that none of the patients in this study was treated
with antipyretics, and that our conclusions are therefore not applicable to
all patients with pneumococcal pneumonia. The results are also not ap-
plicable to patients excluded from the study for the other reasons listed
in METHODS.
SUMMARY
The hospital records of 128 patients with pneumococcal pneumonia were
examined in an attempt to demonstrate the value of the fever index in
clinical investigations and in evaluating the course of an illness. The mean
fever index in uncomplicated pneumococcal pneumonia was 70.0 degree-
hours. Age, race, and sex, the site of the infection, leukocyte response,
pneumococcus type, and the duration of the illness prior to hospitalization
did not seem to influence the fever index. Alcoholism, bacteremia, multiple
lobe involvement, or therapy with sulfonamides may be associated with a
higher fever index. Patients with a fever index of greater than 175.0 degree-
hours should be suspected of having some factor complicating their illnesses
and delaying recovery.
It was concluded that the fever index is a useful tool in clinical medicine,
and that it should be more widely used.
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